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EiS ^ praaenr invencion xrt.«. - a aandwich notarial . 
which » parcicuiarly usafu! in vehicla ccnst ruction. 

Backgrou n d rn che Tn ^' anrion , ^ 

Ic -s well-recognised chat sandwich structures, which 

are composed of stiff outer layers separated by a low 

density core, offer the potential for very high specific 

tZZss and other attractive .echan.cal 

materials are generally rigid and strong, but are of 
materia, 3 therefore particularly 

relatively lo w tnass . 

useful as construction materials or packaging materials, 
for ^- oi29S diacloses a sandwlch serial comprising 

i nlates separated by metal fibres arranged 
mec _al plates r ^ aff 

perpendicularly to the plates, ana 

thereto by an adhesive. The sandwich material is made by 
Cn y places with an adhesive, 

coating at least one of the metai pi 

c 3 . rtV . r meta i fibres to an electrical 

and then subjecting short metai nore* 

charge This causes the fibres to stand upright and 
propels them into the adhesive on one of the meta 1 plates^ 
Lre they become anchored. This process is commonly fcnown 

as "flocking". . , . _ 

X diaadvancag. of Chi. typa of sandwich macanal . 
^waver. ica ra,h e r ccple*. and rheretor* cosdy. «chod 
ot manufacture. Furthermore, due to it. relacaveiy hxoh 

^ r v, iq rvoe of sandwich material is 
electrical resistance, this type on s n „ nil „_ e an 

not easy to weld. Ease of weldability is of course an 

«f m3 rerials for use in construction, 
essential property of materials tor u maceria i 
Therefore, there is a need for a sandwich material 
which is not only straightforward and therefore -latlvely 
cheap tc manufacture, but which also has a relatively low 
electrical resistance and is therefore easy to weld. 

* v-ar- a cr^ct of the pre sent invention. 

According to a first aspect ot rn t> 

■ i ^mnrisss two metal plates which are 
a sandwich material comprises cwo 
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a££i xed to and separated by a fibrous core, and is 
characterised in chat che core comprises a three- 

^ c-*n.« ------ 

substantially all of che fibres are inclined ac an acute 
anale (6) to the places - 

The sandwich material may » W«* 
affixing che fibrous core between two metal plates, for 
Seance chough che use of an adhesive or by brazing 

"""STi-AOdh macerlal according ro che present 
invention is more straightforward and therefore cheaper Co 
manufacture Chan che materials Known in che .re. In 
addition che sandwich material has' a comparat ively lower 
^ rtcal resistance .because of che goc^ conta^ between 
fibres and face-places> . rendering « easily weldable It 
aiso exhibits improved beam stiffness and incerfacial shear 
strength, at relatively low .real ^^^T~ 
with the prior art materials. Such proper i 
particularly desirable for materials to be used in 
construction, for instance of vehicles including aircraft^ 
The sandwich material according Co the present invention 
ra ay also display high acoustic and vibrational damping 

capacity, and efficient thermal Insulation. 

According to further aspects of the present i™on 

sandwich materials of che type described above may be used 

as vehicle parts, or in a variety of welded structures or 

components . 

in order for the sandwich material according to the 
present invention co be suicable for use in aircraft or 
vehicle ccnscruction. it should be lightweight and 
relativsly thin. Suitabie total thicknesses of the 
sandwich material are ct the order 0.5 mm- 1 cm, preferably 
0.5-5 mm and more preferably 0.5-3 mm. 

The metal places may be mad. from a variety of 
different metals, examples of which include seamless 
seel steel, aluminium and titanium. Preferably, however. 
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the metal places »U be made from stainless stee! or 

aluminium. Ja ^ suob 

The thicknesses of the metal pie .„-„ b i e 
that they are not susceptible co tearing. 3 "" a "« 
"treses o £ the metal places lie , « « 
,m. and more preferably In the range M0-J00 

The core of che sandwich material comprises a three 
dimensional porous network of fibres which 
bonded together et crossover point, within the network for 
instance by the action of heat. The fibres may be arranged 
in I regular mesh, or he randomly arranged throughout the 
network Preferably, the fibres are randomly orientated so 
that the core properties are isotropic. 

The fibres are arranged within the core ao that they 
form an angle to the plan, of the core, and therefore the 
metal plates. The fibres may be arranged in regular 
"rays in which case the angle formed by each fibre will 
^similar to the next, or randomly ~™^ f ~ y 
different angles to the plane of the core. 
all of the fibres are Inclined at an acute angle (S) to the 
P n t of the core, and in the context of this plication 
by ..substantially all" we mean at least .0 %. and 
oreferably at least 90 % by volume of the fibres. The 
ang a or angles, at which the fibres are inclined to tne 
25 ^tal places is preferably substantially less than SO . for 
"stance less than «•. and more preferably lias m the 
™10- 5S -. «o.t preferably the angle lies in the range 
,0-,o'. with the mterlaminar shear stiffness and shear 
strength being optimised when the fibre angle approaches 

30 45 "' The core has a relatively open structure wich the 
fibres in the core generally occupying 5-50 %. and 
oreferably 5-10 %. of the core volume. Tne sites of the 
ToreHrtLn the network typically lie a. the range 50-300 

35 1 and are preferably 75-125 „m. eg. about 100 „m. 

" The thickness of the core typicaily lies in the range 
300-3000 *m. and preferably In the range 500-2000 „m. 



The mecal fibres may comprise . variety of differenc 
i-= „f which include stainless steel, steel, 
mecala examples o ^which ably< che coce wlll 

SSI - sceel or aluminium fibres. !n 

5 loSrion che mecal fibres may be made from the same or 
atcflrenc mecal as che places, buc are preferably Che same 

""^Typically. Che fibres will have lengchs of less Chan 
5000 Mm. and preferably 100-3000 M m. The average diamecer 
,0 of fibres suitable for us. in Che presenc invencion is 
cynically less Chan 500 Mm. for example 10-400 pm. 
M-ferlbly. Che average f ibre diamecer will lie in the 
rlnge Mm. and will more preferably be in che range 

100 300 Mm. m che context of chis Applicacion. oy 
15 Average diameter- we mean che mean fibre diamecer as 
calculated from che sum of che individual diamecers oc a 
pluralicy of fibres divided by che number of fibres. 

As a generalicy che sandwich macerial should be serf f 
auc flexible, buc need only be scif f enough Co 
20 separacion of che places and co prevenc excessive shearing 
hecween che places when chey are sub 3 e=ced Co a bending 
momenc. for exa^le during manuf secure A . nlmum 

in-plane shear modulus of abouc 1 QP« would be euff-cienc 
co achieve sulcable rigidity of che core. 

The sciffness of che core is dependenc on a number of 
• faccors including che fibre diamecer. che fibre volume 
fraccion and che degree of bonding of che fibres wichin che 
Lor,. xn general, the coarser che fibres ch, , gre. cer 
che sciffness of the core. However, che use of fibres wich 
30 very large diamecers may lead co difficulties in che 
manufacture, handling and subsequenc incorporacion of the 
core inco che sandwich materials. 

^Hijable, commercially available core is 
^nufaccured^fetae^a Beiglan company, under che crade 

name Bekxpor , A¥%aiP , is bv 

one way In which che core may be prepared i s by 
forming a slurry of che fibres in a liquid, eg. w.cer. 
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allowing the fibres tc settle, and then remove Che liquid 
from the resulting accumulated fibres by pressing and/or 
beating, for exa^le. The resulting produce may then be 
: ^ 4 c. bear and optionally pressure under s Ughtly 
reducing conditions in order Co avoid oxidation, ro bond 

Che fibres together. „,„„„ The 

The core may also comprise non-metallic fibres The 
choice of non-metallic fibres suitable for use is likely to 
deSnd on the intended application of the sandwich 
ZZL. For e^le. if the sandwich material is to be 
used in vehicle or aircraft construction, the n=»-«»U-» 
fibres should be able to withstand relatively h>gh 
temperatures. It is therefore envisaged that ceramic or 
polymeric fibres may be applicable to the present 

" ^Tnrcore may additional^ comprise a polymeric matrix, 
for example an epoxy resin, which may be beneficial in 
cerms of enhance the dating capacity of the sandwich 
material. The amount of poiymer in the core may. however^ 
be limited by the fact that it is important to reta.n a 
9 ocd electrioal contact between the metal plate, .and the 
Ltal fibres in the core. Suitable amounts of p olymer lie 
in the ren 9 e 10-200 % of the volume of Che metal 

The metal plates and core may be 3 oined together in a 
variety of ways, however, it is important that the method 
chosen is such that the chrough-thichnese electrical 
resistance of the sandwich material is Kept 
Ideally, the electrical resistivity of the core should be 
" greater than about 0.01 - 1 Ocm. so that resistance 
" S poc> welding may be readily carried out using 

conventional equipment . a _ rVlfS 

A preferred method of affixing the metal plates to the 
~„ ~f » hv-aze The choice of braze will 
core is oy means of a braze. i« ftbre s 
depend on the metal from which the plates and the fibres 
a/e made. The braze may be applied either to the plates or 
co the core by any suitable method, for example coating 
spraying or dipping. The average pore sizes of che core 
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should be selected so as co retain che braze on che surface 
of che core and not to allow ic co penetrate che core co 
any significant extent - 

A drawback of using a braze co affix che plates co the 
core is. however, chat most brazes are relatively dense and 
therefore increase the overall areal densicy of che 
sandwich material. Therefore, an alternacive way in which 
che places may be affixed co che core is by means of an 
adhesive. Again, che adhesive may be applied cc che places 
or che core by coating, spraying or dipping, for example. 
Suitable adhesives include epoxy resins. The presence of 
adhesive within the core may improve the acoustic 
absorption and vibration damping characteristics of che 
sandwich material. In addition, che use of an adhesive may 
make che overall cost of production of che sandwich 
material cheaper than if a braze was used co affix che 
places to che core. 

When using adhesive to affix che metal plates co che 
core, ic is imporcanc to recain good electrical contact 
between the places and che core. This will be dependenc on 
a number of factors including the amount of adhesive 
applied to che plates and. in particular, the stiffness of 
che fibres in the core. Specifically, the fibres should be 
stiff and strong enough such chat when pressure is applied 
to affix the plates to the core, the fibres will come into 
contact with the plates and will not bend away from the 
plates . 

It is envisaged that the sandwich material according 
to the present invention will find use in a wide variety of 
applications. The fact that che sandwich material handles 
like a monolithic sheet means that it may be readily 
molded, shaped or deep drawn to form a wide variety of 
components. Its high beam stiffness, coupled with its 
light mass and suitability for welding, render it 
particularly useful in the manufacture of aircraft or 
vehicle parts, for example spoilers, panels and roofs for 
both non-converclble and hard-cop convertible cars. 
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The present invention is now further illustrated by 
way of the following Example. 
Example 

Preparation of ftandwlch Material 

^Cwo stainless steel plates of length 80 mm. width 20 
mm andWness 200 ,im. were coated with a chromium/nickel 
braze and We^then positioned either side of a fibrous 
stainless steel^sore of the same length and width and 
having a thickness oh^U^, supplied by Bekaert under the 
product name Bekipor NPP 90^- 000 • The resulting sandwich 
construction was clamped and Headed to about 1000 °C. in 
order to bond the metal plates toNjje core. The areal 
density of the resulting product was ^Qta/m* , and the 
core fibre volume fraction was 0.19. 

Various physical properties of the resulting sandwich 
material were subsequently determined, and compared with 
those of a sandwich material of the type described in WO- 
A-9801295. This material was prepared by coating one side 
of a stainless steel plate of length 80 mm, width 20 mm and 
thickness 200 F m. with a 200 g/m 2 layer of Gurit Essex 
Betamate (1185) adhesive, and subsequently flocking 
stainless steel fibres of average length 1 mm and diameter 
2 5 Mm on to the coated steel plate to produce a fibre layer 
of approximate thickness of 0.8 mm. The adhesive was 
allowed to harden, and a second stainless steel plate of 
the same dimensions as the first was coated with adhesive 
in the same way as the first, and brought into contact with 
the fibres. The resulting structure was then clamped, to 
give a final sandwich having a thickness of 1.2 mm, an 
areal density of 3.8 kg/m 2 and a core fibre volume fraction 

of 0.08. 

ppam Stiffness 

The beam stiffness per unit width of each of the 
sandwich materials was determined toy cantilever bending, 
with a scanning laser extenaometer to measure accurately 
the vertical displacement and using small weights to apply 
the load. Applied forces were of the order of a few tens 



of milliNewtons and displacements were of the order of a 
few hundred micrometres. Elastic behaviour was confirmed 
by carrying out measurements during progressive increases, 
followed by decreases, in the applied load. 

The beam stiffness per unit width of the sandwich 
material according to the present invention was about 30 
N m . whereas that of the material described in WO-A-9801295 
was 12 N m. 

Th-rouah- Thickness Flsetnrfll Resistivity 

The through-thickness electrical resistivaty of each 
sandwich material was determined by measurement of the 
voltage drop between the face-plates with a 1 A currenc, 
using an AC modulation technique to eliminate other voltage 
drops in the sensing circuit. 

The through thickness resistivity, which is dependent 
on the fibre volume fraction of the core, was found to be 
approximately 0.01 Qcm for the sandwich material according 
to the present invention, whereas the resistivity of the 
sandwich material described on WO-A-9801295 was found to 
be approximately 10 Qcm. 



